Platelet-derived growth factor receptor is a novel modulator of type A gamma-aminobutyric acid-gated ion channels.
Platelet-derived growth factor (PDGF) and PDGF receptors (PDGFRs) are ubiquitously expressed in the mammalian central nervous system, where they exert trophic actions on both neuronal and glial cells. However, the acute actions of PDGF on synaptic transmission are unknown. We report a novel regulatory action of PDGF/PDGFR. Activation of PDGFRs inhibited the function of native type A gamma-aminobutyric acid (GABAA) receptors (GABAA-RS) in rat hippocampal CA1 pyramidal neurons and mouse brain membrane vesicles. The mechanism of this inhibition was studied with a panel of mutant PDGFRS-beta coexpressed with cloned human GABAA-Rs in Xenopus oocytes. These experiments revealed that phospholipase C-gamma is the protein that relays the inhibitory signal from PDGFRS to GABAA-Rs. Experiments with microinjected EGTA and inositol-1, 3, 4-triphosphate demonstrated that inhibition of GABAA-Rs depended on a phospholipase C-gamma-mediated increase in intracellular Ca(2+)-levels. The PDGFR-induced inhibitory effect was independent of the subunit composition of GABAA-RS. Moreover, GABAA-RS composed of alpha 1 beta 1 S409A subunits, which do not contain any known protein kinase C phosphorylation sites, were inhibited by PDGF to the same extent as wild-type GABAA-RS. Inhibitors of protein kinase C, CA2+/calmodulin-dependent protein kinase II, calcineurin, and tyrosine phosphatases did not affect the modulatory actions of PDGFR. In conclusion, our results suggest that PDGFRs exert potent modulatory actions on GABAA-R-dependent inhibitory synaptic transmission. These regulatory actions of PDGF could play important roles in the function of the mammalian central nervous system during physiological and pathophysiological conditions.